INTRODUCTION
More than 200 species of cave limited (i.e., troglobitic) trechine carabid beetles are known from caves of the eastern United States (Barr, 1979b (Barr, , 1981 . These species are generally considered to be derived from ancestral surface species which were widespread during the cold, moist climates associated with glacial maxima (Barr, 1968) . Subsequent warming and drying of these regions, as glaciers retreated, led ultimately to the extirpation of surface populations, with only some of the cave limited stocks surviving. Available evidence suggests that for trechines cave isolation is irreversible (Barr, 1968 (Barr, , 1979a . Therefore, geographic spread of and gene flow in troglobitic trechines will be restricted to subterranean routes (Barr, 1968) . The interconnectivity of caves and the presence of geological barriers (e.g., noncavernous strata and large rivers) become important factors in determining the geographic extent of and degrees of gene flow within these troglobitic taxa.
In extensive and highly continuous limestone cave systems, such as those of the Mississippian plateaus, interpretation of evolutionary relationships between closely similar taxa becomes especially complicated (Barr, 1979b) . One question which arises is whether such taxa represent multiple isolations of a common surface dwelling ancestor or are the product of more recent divergence in a common troglobitic ancestor. Even when the latter scenario appears to be the case, divergence may only involve subtle, although generally consistent, differences in minor morphological characters. Thus, inferences about such factors as the amount of gene flow, if
Author to whom all editorial correspondence and reprint requests should be addressed. Manuscript received by the editor March 25, 1986. Psyche [Vol. 93 any, still occurring among the taxa, the relative degree of differentiation between the various taxa, and the manner in which the present geographic pattern has been produced may be strengthened by the availability of genetic data such as those obtained through gel electrophoresis (Barr, 1979b; Turanchik and Kane, 1979) .
As Barr (1979b) has indicated, the large geographic distribution and abundance of Neaphaenops tellkampfi populations present an excellent opportunity to assess the extent of gene flow between local populations of a troglobitic trechine using both morphological and electrophoretic data. Among the many species of troglobitic trechine carabid beetles in the United States, Neaphaenops tellkampfi is noteworthy for having the most extensive geographic range and being one of the most abundant species of the group (Barr, 1979b (Barr, , 1981 . The species is distributed ( Fig. 1 ) from just south of the Ohio River in the north to its southern limit near the Tennessee border, in the highly cavernous Mississippian limestones of the Pennyroyal Plateau in west central Kentucky (Barr, 1979b) . The western extent of its range is delimited by the noncavernous Big Clifty sandstone, and the eastern and southeastern limits of the range correspond roughly with the contact with the Salem and Warsaw limestones (Barr, 1979b) .
Neaphaenops tellkampfi, like other cave trechines, is an important predator in terrestrial cave communities (Barr and Kuehne, 1971; Kane and Poulson, 1976) . Unlike other troglobitic trechines in the Pennyroyal Plateau, however, N. tellkampfi has evolved specialized behaviors which allow it to prey on the eggs and early instar nymphs of the common cave "cricket" Hadenoecus subterraneus (Orthoptera: Rhaphidophoridae), resources which are energy rich and seasonally abundant (Kane and Poulson, 1976; Hubbell and Norton, 1978) . This predator-prey interaction has evolved to the extent that no N. tellkampfi populations occur outside the range of H. subterraneus (Hubbell and Norton, 1978) . In fact, Barr (1979b) has suggested that at least part of the eastern limits of the N. tellkampfi range may be determined by the absence of H. subterraneus further east, rather than to the presence of any extrinsic geological barrier.
Using morphological and geological criteria, Barr (1979b) (Barr, 1979b 1) (Barr, 1979b) . Despite the absence of any known hybrid populations, tellkampfi and henroti are the most similar subspecies morphologically, and henroti also shows a large degree of morphological affinity with viator as well (Barr, 1979b) . Previous studies using gel electrophoresis (Giuseffi et al., 1978;  Turanchik and Kane, 1979) have shown that genetic variability in local populations of N. t. tellkampfi approach those observed in similar surface dwelling invertebrates. These results, coupled with similar subsequent findings in other species (e.g., Dickson et al., 1979) , suggest that cave adaptation does not necessarily result in a reduction in genetic variation. Further, genetic similarity values (I) (Nei, 1972) (Barr, 1968) .
The purpose of the present study was to examine electrophoretically several local populations of each of the other three subspecies of N. tellkampfi. We were interested in determining how infrasubspecific variation in these subspecies compared with that of nominate tellkampfi. Further, we wished to use these electrophoretic data to quantitatively assess relationships among subspecies and also to gain some insight to how the present distributional pattern of the species has been produced. In these regards, Barr's (1979b) morphological and biogeographic work provides a model against which the electrophoretic data can be examined.
METHODS
Electrophoretic data gathered from a total of 18 populations ( Fig.  1) of Neaphaenops tellkampfi were analyzed in this study. All of the electrophoretic data for ten of these populations were gathered during the course of the present study, between 1980 and 1983. These ten populations include three each of N. t. henroti (BL, CW and T/SS; Fig. 1 ), N. t. meridionalis (H, OS and ST; Fig. 1 ) and N. t. viator (C, CB and S; Fig. 1 ) as recognized by Barr (1979b) . The tenth population (F; Fig. 1 ) is a purported meridionalis )< tellkampfi hybrid on morphological grounds (Barr, 1979b (1979) .
Modifications of and additions to the nominate tellkampfi data set will be discussed in appropriate sections below. All 18 of the populations sampled, with the exception of the SS and T sites of henrotL represent a single cave location. During the course of the study permission to sample the SS site was rescinded before a sample adequate for complete electrophoretic survey could be obtained.
Subsequently the nearby T site was located but it harbored a much smaller henroti population and failed to yield a large enough sample to obtain data on all electrophoretic loci. Pooling of the data from the two sites, which appears to be justified by their geographic proximity, did produce a complete set of electrophoretic data.
Beetles were maintained alive at 5C or frozen at-80C prior to electrophoresis. All electrophoresis was conducted on vertical polyacrylamide slab gels using an Ortec Model 4200 Electrophoresis System or a Hoefer Scientific SE600 System. Sample preparation and run procedures used in this study were similar to those discussed by Giuseffi et al. (1978) and Turanchik and Kane (1979) .
Each animal provided enough homogenate for two assays.
Six enzyme systems provided a total of seven consistently scorable loci. These included: alkaline phosphatase (ALP) (1) (Giuseffi et al., 1978; Turanchik and Kane, 1979) and therefore populations of N. t. tellkampfi were re-collected and surveyed for this enzyme. The majority of the data analysis was accomplished using a Fortran 77 version of the BIOSYS-1 program developed by Swofford and Selander (1981) .
RESULTS
Of the nine putative genetic loci examined in this study, five were polymorphic and the remaining four were monomorphic with the same variant fixed in all populations of the four taxa (Table 1) . Genetic variability in N. tellkampfi populations has been estimated as the proportion of polymorphic loci per population (P) and the average frequency of heterozygous loci per individual (H) ( Table 2 ).
The average N. tellkampfi population is polymorphic at approximately 30% of its loci and the average individual in such a population is heterozygous at 9.4% of its loci (Table 2) . These values are somewhat lower than those reported previously by Turanchik and Kane (1979) as a result of the addition of another invariant locus (PGM) and the more conservative interpretation of the XDH locus. However, these values of P and H still approach values typically reported for many surface invertebrates (Selander, 1976) . Therefore, Psyche [Vol. 93 these data continue to support the contention that cave isolation does not necessarily result in a permanent reduction in genetic variability for a species (Barr, 1968; Giuseffi et al., 1978; Dickson et al., 1979; Turanchik and Kane, 1979 (Barr, 1979) . Rogers' (1972) estimate of genetic similarity (S) was used for pairwise comparisons of the 18 populations (Table 3) . Rogers' distance values were used in a UPGMA clustering procedure to produce a biochemical dendrogram (Fig. 2) . Infrasubspecific genetic identities are all greater than 0.90. This includes some populations, such as the C population of viator, separated from other populations of the same subspecies by shallow rivers such as the Green River. This finding is consistent with earlier work (Turanchik and Kane, 1979) on populations BH, RB and B of nominate tellkampfi and with findings on at least one other cave limited species in the same area (Laing et al., 1976) , and serves to reconfirm the fact that rivers per se are not necessarily dispersal barriers for cave limited forms. Genetic differentiation between subspecies is substantial in some cases (Fig. 2) (Wright, 1978) and a Chi-square contingency analysis of heterogeneity (Workman and Niswander, 1970) . Allozyme phenotype frequencies for the 18 populations were used to calculate genetic differentiation (i.e., F-statistics) in a hierarchichal manner (Wright, 1978 the three variable loci. The slightly greater differentiation observed among tellkampfi populations may be due to the fact that this subspecies has a somewhat larger geographic range than any of the other three subspecies, or simply to the fact that more populations (8) were examined for nominate tellkampfi than for any of the other three subspecies.
Whereas genetic differentiation between infrasubspecific populations is slight to moderate, differentiation between subspecies is very great (Table 5) . At the level of subspecies, variation is observed at the EST and PGI loci in addition to the three loci discussed above. Significant heterogeneity in allele frequency between subspecies was observed at all five loci (Table 5) Kane's (1979) data for the (Fig. 3) . Caccone (1985) showed that P. hirtus is also a species with low gene flow levels. By contrast, H. subterraneus is seen to be a species with intermediate gene flow levels (Caccone, 1985) . As indicated earlier, the range of H. subterraneus is larger than and includes the entire range of N. tellkampfi. Unlike N. tellkampfi and P. hirtus, however, H. subterraneus is troglophilic (facultative cave dweller) and thus is capable of some dispersal on the surface in addition to the subterranean routes available to troglobites. Analysis of the eight nominate tellkampfi populations indicates a high level of gene flow within this subspecies (Fig. 3) despite some heterogeneity in gene frequencies among these populations (Table 4 ).
The overall pattern of gene flow is generally consistent with the pattern of genetic differentiation obtained from the F-statistics.
Psyche [Vol. 93 DISCUSSION The patterns of variation described here for N. tellkampfi provide a basis for understanding some of the factors which cause genetic differentiation in cave limited species. Barr (1979b) suggested that three different patterns of gene flow were indicated by the morphological and geological data on the four subspecies. These include: (1) no gene flow (henroti with either tellkampfi or viator); (2) very limited gene flow (meridionalis with tellkampfi); and, (3) moderate gene flow (tellkampfi with viator). Initially the biochemical data seem to support only pattern (2) with population F clearly containing meridionalis )< tellkampfi hybrids and with other meridionalis and tellkampfi populations examined in this study showing no biochemical evidence of hybridization. Thus, the morphological data (Barr, 1979b) and now the biochemical data suggest that hybridization is restricted to a very narrow geographic area.
The allozyme data directly support only part of pattern (1). The relatively large genetic distance between henroti and viator (D 0.289) and the lack of any biochemical, as well as morphological (Barr, 1979b) , evidence of hybridization support the assertion that the Hart Co. Ridge is acting as a complete barrier to gene flow between these two subspecies. The large genetic similarity between henroti and tellkampfi (S > 0.96) does not lend support to the conclusion that these two subspecies are also extrinsically isolated from each other. However, allozyme studies on the scavenger beetle P. hirtus (Laing et al., 1976) show that a population north of the Hart Co. Ridge has a genetic similarity (I) of approximately 0.75 with two populations south of the Ridge in caves GO and RB, which are also occupied by nominate tellkampfi. Further, the Hart Co. Ridge coincides with the southern range limit of Orconectes inermis (Decapoda: Astacidae) and the northern range limit of O. pellucidus, two species of troglobitic crayfish whose ranges are almost completely separate (Hobbs and Barr, 1972) . Thus the evidence for the Hart Co. Ridge as a dispersal barrier is overwhelming.
The close genetic similarity between henroti and tellkampfi is consistent with Barr's (1979b) supposition that all four subspecies of N. tellkampfi are descended from a common ancestral stock that became isolated in caves in the southern portion of the present range. Barr argues that henroti was derived from a peripheral population of nominate tellkampfi which penetrated north of the Hart Psyche [Vol. 93 Co. Ridge through some of the scattered cave systems known in the area. The close biochemical similarity of henroti and tellkampfi support this view over the alternative hypothesis that henroti represents a separate isolation of the surface dwelling ancestral species. Furthermore, Barr (1979b) notes that henroti has apparently not extended its range as far northward and westward as the geological evidence and the distribution of Hadenoecus subterraneus would suggest is possible. This observation, coupled with the evidence of high genetic similarity between henroti and tellkampfi, is supportive of a southern origin for N. tellkampfi with the range of henroti representing the most recent northward dispersal.
The allozyme data fail to demonstrate a broad zone of hybridization between tellkampfi and viator (pattern (3) above). Moreover, inclusion of additional information fails to explain the discrepancy between the biochemical distinctness of the two taxa, on the one hand, and the independent evidence for a broad zone of hybridization on the other. The lack of any geological barrier, between tellkampfi and viator and the large degree of morphological intergradation between the two taxa (Barr, 1979b) (Kane, 1982) and a substantial amount of evidence suggests that N. tellkampfi has a longer evolutionary history of cave isolation than does P. hirtus (Laing et al., 1976; Barr, 1979b (Peck, 1973) 
